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Metabonomics is defined as ‘the quantitative measurement of the dynamic multiparametric 
metabolic response of living system to pathophysiological stimuli or genetic modification’. 
After more than ten years of rapid development, metabonomics has been successfully applied to 
pathology, toxicology, pharmacology, disease diagnosis, and many other fields. For its unique 
advantages, nuclear magnetic resonance (NMR) has become an important technique for data 
acquisition in metabonomics.  
However, due to the complexity of biological systems and the external environment, the 
differences of sample preparation and experimental operation, and the character of high 
dimension of data, there are enormous challenges for metabonomics data analysis. Data 
preprocessing that  eliminates the most interference and standardizes data, can improve the 
performance of pattern recognition and help to identify the biomarkers. In this study, the 
techniques of peak alignment and data normalization in data preprocessing are concerned. To 
improve the performance of data analysis, a novel peak alignment method based on Gaussian 
smoothing and a novel normalization method based on feature variable selection are proposed. 
The main works are summarized as follows: 
1. A novel peak alignment algorithm based on the Gaussian smoothing(GPA) is proposed. 
Peaks in a spectrum are sparse, therefore, a spectrum can be divided into some specified 
segments, before applying the correlation coefficient to determine the optimal shift position for 
each segment against a reference. Each segment is adjusted appropriately through insertion and 
deletion of data points at segment boundaries, linear interpolation, or both before they are 
reassembled. The fine peak alignment on a series of samples can be achieved by dividing each 
sample into several small segments using Gaussian smoothing function. Using this algorithm by 
adjusting the size of the Gaussian convolution window, the spectral signals can be smoothed on 
multiple scales and the peaks in the signals can then be aligned progressively from coarse to fine. 
Comparisons of performance between the present algorithm, demonstrate that GPA is superior in 
the fineness of alignment, the preservation of the shapes of peaks, improvement on the 
efficiency of subsequent multivariate statistical analysis and computational speed.  
















(SVR) , which is based on significantly different variables selection and elimination, is proposed. 
The differences of the variables between the treated group and the corresponding control group 
are tested, the variables that have the most significant differences are eliminated from data, then 
data will be normalized with remains. Using both simulated and experimental data sets, it is 
demonstrated that the new method performs better, both in the accuracy of normalization and 
the promoting effect on the subsequent pattern recognition and biomarkers identification.  
 

















1 第一章  绪 论 












































图 1.1 基于核磁共振的代谢组学的研究步骤。 
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